Lena M. Thorn, [1] [2] [3] Daniel Gordin, [1] [2] [3] Valma Harjutsalo, [1] [2] [3] Stefanie Hägg, [1] [2] [3] Robert Masar, [1] [2] [3] Markku Saraheimo, [1] [2] [3] Nina Tolonen, [1] [2] [3] Johan Wadén, [1] [2] [3] Per-Henrik Groop, [1] [2] [3] [4] and Carol M. Forsblom, [1] [2] [3] on behalf of the FinnDiane Study Group the basis of these findings, it is recommended that patients with diabetes should be screened annually for their estimated glomerular filtration rate (eGFR) in addition to albuminuria (10) . The pathogenesis of nonalbuminuric CKD is not fully understood. Nonalbuminuric CKD has been associated with more advanced glomerular lesions compared with patients with no albuminuria and no CKD (11,12) but with significantly fewer lesions than in patients with albuminuric CKD (13) . Different risk factors for the development of albuminuria and CKD have also been observed, indicating that these two at least partly reflect separate phenomena (14) .
In patients with type 2 diabetes, nonalbuminuric CKD is associated with female sex, older age, and the presence of hypertension, neuropathy, and macrovascular disease (8, 15) . Nonalbuminuric CKD also seems to be associated with a more favorable long-term prognosis compared with albuminuric CKD but is nonetheless associated with an increased risk of renal outcomes (5), cardiovascular disease (5, 16) , and mortality (1) compared with patients with no albuminuria and no CKD.
Less is known about nonalbuminuric CKD in patients with type 1 diabetes. In smaller studies, it has been associated with female sex and the presence of retinopathy (11,12,17) compared with patients with no albuminuria and no CKD. In larger clinical studies, nonalbuminuric CKD has been observed in 7-24% of the patients who develop sustained CKD during follow-up (18, 19) . However, the clinical effect of nonalbuminuric CKD in type 1 diabetes remains unexplored. Thus, our aim was to evaluate the predictive value of albuminuria and CKD for the development of end-stage renal disease (ESRD), cardiovascular events, and all-cause mortality. Another aim was to assess the prevalence and factors associated with nonalbuminuric CKD in Finnish patients with type 1 diabetes.
RESEARCH DESIGN AND METHODS
This study is part of the Finnish Diabetic Nephropathy (FinnDiane) Study, which is a nationwide multicenter study with the aim to identify genetic, clinical, and environmental risk factors for microand macrovascular complications of type 1 diabetes. The study design is an observational prospective study, and a detailed description of the research design and the population has previously been reported (2, 20) . In brief, patient recruitment was initiated in 1997, and 89% of baseline visits were conducted in the years 1998-2005. All patients are Caucasians and were enrolled in connection with a regular visit to their attending physician. At baseline, the attending physicians and the patients completed questionnaires regarding the patients' medical condition, medical history, and lifestyle. For the current study, we included all patients in the FinnDiane database with type 1 diabetes, without ESRD, and with complete information available on albuminuria status and eGFR at baseline (n = 3,809). The study protocol was approved by the local ethics committee at each study center, and the study was performed in accordance with the Declaration of Helsinki. Each participating patient signed a written informed consent.
Type 1 diabetes was defined as a diabetes diagnosis before 40 years of age and insulin medication initiated within 1 year of the diabetes diagnosis. Serum samples were analyzed for HbA 1c , lipids, lipoproteins, and creatinine. Each patient collected timed urine samples for the measurement of the urinary albumin excretion rate, and albuminuria status was based on measurements from two of three overnight or 24-h urine collections. Albuminuria was defined as a urinary albumin excretion rate $20 mg/min or $30 mg/24 h. The eGFR was calculated with the Chronic Kidney Disease Epidemiology Collaboration formula (21) . CKD was defined as eGFR ,60 mL/min/1.73 m 2 . Patients were divided into four groups according to the presence or absence of albuminuria and CKD: nonalbuminuric non-CKD, nonalbuminuric CKD, albuminuric non-CKD, and albuminuric CKD.
Blood pressure was measured twice in the sitting position after a 10-min rest, and the mean values for systolic and the diastolic blood pressure were used. Antihypertensive medication was defined as the use of any antihypertensive agent. Types of agents in use (e.g., ACE inhibitors or angiotensin receptor blockers [ARBs]), were recorded. History of cardiovascular event included a history of myocardial infarction, coronary revascularization, or stroke. Smoking was defined as smoking at least 1 cigarette per day for at least 1 year.
Follow-up Data
Follow-up data for the patients were retrieved by the end of 2013. Follow-up data on ESRD and cardiovascular events were retrieved from the Finnish national hospital discharge register Care Register for Health Care. ESRD was identified based on initiation of dialysis. Cardiovascular events included myocardial infarction, coronary revascularization, stroke, or death from a cardiovascular cause during follow-up. Myocardial infarction was identified based on ICD-9 codes 410-412 and ICD-10 codes I21-I23. Strokes were identified based on ICD-9 codes 430-434 and ICD-10 codes I60-I63. Coronary revascularization was identified from the discharge register based on a separate surgical procedure classification system. Information on vitality status and causes of death was retrieved from Statistics Finland. Death certificates were available for 387 of the patients (95%) who had died. Death from a cardiovascular cause included any cardio-or cerebrovascular cause as the immediate or underlying cause of death. A total of 378 patients (9.9%) developed ESRD during a median 12.5 (10.2-14.4) years of follow-up, 415 patients (11.5%) suffered an incident cardiovascular event during 12.9 (10.2-14.8) years of follow-up, and 406 (10.7%) died during 13.1 (11.2-15.0) years of follow-up. Of patients with nonalbuminuric CKD, 19 died during followup. The underlying cause of death was cardiovascular in 11 patients, diabetes complications in 4 (none due to uremia), cancer in 3, and an unknown cause in 1.
Statistical Analyses
Parametric continuous variables were analyzed with the t test, and results are presented as means with the SD. Nonparametric variables were analyzed with the Mann-Whitney U test, and results are presented as medians with interquartile range. The difference in categorical variables between groups was tested with the x 2 test. Logistic regression analysis with forward stepwise entry was performed to determine factors independently associated with CKD in patients without albuminuria. Variables were chosen for the analysis based on significant univariate associations.
The results are presented as the odds ratio (OR) with 95% CI. Cox proportional hazards analysis was performed to determine whether CKD affected the risk of albuminuria development in patients without albuminuria at baseline. The analysis was adjusted by known risk factors for albuminuria development, including diabetes duration, sex, HbA 1c , systolic blood pressure, triglycerides, and smoking. In addition, Cox proportional hazards analyses were performed to determine the risk related to the four groups based on albuminuria and CKD with respect to the different end points. The analyses for risk of developing ESRD or cardiovascular events were adjusted for factors that were associated with the specific end point in univariate analyses. The analysis for risk of all-cause mortality was adjusted for age only. The results are presented as the hazard ratio (HR) with the 95% CI. P , 0.05 was considered statistically significant. Analyses were performed with IBM SPSS Statistics 22 software (IBM Corporation, Armonk, NY).
RESULTS
Of the 3,809 patients eligible for the study, 78 (2.0%) had nonalbuminuric CKD. Clinical characteristics of patients in the four groups based on presence or absence of albuminuria and CKD are presented in Table 1 . Patients with nonalbuminuric CKD were more often female, were substantially older, and had a longer duration of diabetes compared with the three other groups.
Nonalbuminuric CKD Compared With Nonalbuminuric Non-CKD
In patients without albuminuria, those with CKD had higher blood pressure levels, had higher HDL cholesterol, were more frequently taking antihypertensive medication, and more frequently had a history of retinal laser treatment and cardiovascular events (Table 1) . There were also fewer current smokers among these patients with nonalbuminuric CKD. Factors that were independently associated with nonalbuminuric CKD were age (OR per 1 year 1. 
Development of Albuminuria
Of patients without albuminuria at baseline, 180 (7.2%) developed albuminuria (7.1% of patients with non-CKD vs. 10.8% of patients with CKD, P = 0.221). A Cox proportional hazards analysis, adjusted with known risk factors for development of albuminuria, showed CKD did not increase the risk for development of albuminuria (HR 2.0 [0.9-4.4]).
Development of ESRD
ESRD developed during follow-up in 0.3% of patients with nonalbuminuric non-CKD, in 1.3% of patients with nonalbuminuric CKD, in 13.9% of patients with albuminuric non-CKD, and in 63.0% of patients with albuminuric CKD (P , 0.001). The risk of developing ESRD by the four groups based on albuminuria and CKD is presented in Fig. 1 . In adjusted Cox regression analysis, the risk of ESRD was the lowest in patients with nonalbuminuric non-CKD (reference, HR 
Development of Cardiovascular Events
The risk of developing cardiovascular events by the four groups based on albuminuria and CKD are presented in Fig. 2 . In adjusted Cox regression analysis, the risk of cardiovascular events was the lowest in patients with nonalbuminuric non-CKD (reference, HR 1.0) and was increased in patients with nonalbuminuric CKD (HR 2.0 [95% CI 1.4-3.5]), in patients with albuminuric non-CKD (HR 1.7 [1.3-2.3]), and even further in patients with albuminuric CKD (HR 3.1 [2.3-4.2]).
All-Cause Mortality
All-cause mortality in the four groups based on albuminuria and CKD is presented in Fig. 3 . In Cox regression analysis adjusted for age, the risk of all-cause mortality was the lowest in patients with nonalbuminuric non-CKD (reference, HR 1. 
CONCLUSIONS
In this study of 3,809 Finnish patients with type 1 diabetes, we observed that nonalbuminuric CKD is rather uncommon and present in only 2% of the study population. Nonalbuminuric CKD was associated with older age, female sex, and the presence of retinopathy and cardiovascular disease. Of the patients with CKD, 16% did not have concomitant albuminuria. Compared with the patients with albuminuric CKD, the patients with nonalbuminuric CKD had less retinopathy, less antihypertensive treatment, were older, and were more often females. A novel finding was that nonalbuminuric CKD increased the risk of cardiovascular morbidity and allcause mortality to the same extent as albuminuric non-CKD but did not increase the risk of renal outcomes in type 1 diabetes. The highest risk of the outcomes studied was observed in the patients with albuminuric CKD.
The overall prevalence of 2% of nonalbuminuric CKD in our study population is considerably lower than the ;10% prevalence observed in type 2 diabetes (8,22) . The lower frequency in type 1 diabetes is probably mainly due to the lower mean age of our study population and also to the higher prevalence of hypertension and vascular disease observed in patients with type 2 diabetes (8). We could confirm earlier findings from smaller studies in patients with type 1 diabetes that nonalbuminuric CKD is associated with older age and female sex (12,17). A female predominance among patients with nonalbuminuric CKD has been observed in patients with type 2 diabetes and in the general population (7, 8, 14) . This might be due to true differences in CKD risk between the sexes or simply due to survival bias because of the higher life expectancy in females (23).
In addition, we were able to show an independent association with the presence of retinopathy and cardiovascular disease as well as with the number of antihypertensive drugs in use. We did not, however, find an independent association with blood pressure, antihypertensive treatment, or specific antihypertensive agents. The treatment of blood pressure has been suggested to partly explain the low frequency of albuminuria in patients with type 2 diabetes and CKD. Pavkov et al. (24) observed that the proportion of CKD patients without albuminuria had increased in 20 years, and during the same time, the proportion of patients on hypoglycemic and/or antihypertensive agents, especially ACE inhibitors or ARBs, had increased dramatically. In our study, the failure to observe an association with the use of ACE inhibitors, ARBs, or antihypertensive treatment in general could be explained by different methodology to define albuminuria. Our study classified all patients with a known history of albuminuria as albuminuric although they might have regressed to normal albuminuria due to treatment with an ACEinhibition or ARB. The blood pressures of the nonalbuminuric CKD patients, were, however, controlled with more antihypertensive agents. This could reflect more advanced general atherosclerosis in these patients. The prevalence of normoalbuminuria was 16% in patients with CKD. This is in line with two smaller studies that explored the relationship between albuminuria and CKD development over time in patients with type 1 diabetes. In these studies, which varied in methodology, nonalbuminuric CKD was observed in 7 and 24% of patients with new-onset CKD (18, 19) . The prevalence is significantly lower than in patients with type 2 diabetes, in whom the prevalence varies between 35 and 57% in cross-sectional studies (6-9) and between 51 and 70% in follow-up studies (14, 25) . The lower prevalence and incidence of nonalbuminuric CKD in type 1 diabetes could at least partially be explained by the lower age of the patients.
In the current study, nonalbuminuric CKD did not increase the risk of albuminuria or ESRD compared with nonalbuminuric non-CKD. The small number of patients with nonalbuminuric CKD would, of course, reduce the power to detect a positive association if the effect size is small. The risk of both albuminuria and ESRD was, however, of the same magnitude in patients without albuminuria with and without CKD, and adjustment for the large age difference in these groups and for other confounders did not alter the results. Patients with albuminuria, however, had a markedly increased risk of ESRD, which was 33-fold in those without baseline CKD and 221-fold in those with baseline CKD. It is of note that 370 of 378 patients who developed ESRD had albuminuria at baseline. In patients with type 2 diabetes, nonalbuminuric CKD has been shown to increase the risk of renal outcomes in some studies (5) but not in others (16, 26) . The discrepancy can partially be explained by differences in patient characteristics and study designs.
In our study, nonalbuminuric CKD was associated with a twofold increased risk of incident cardiovascular events during follow-up. This risk was of the same magnitude as in patients with albuminuric non-CKD but lower than in those with albuminuric CKD (threefold). A similar pattern was observed for all-cause mortality, with a twofold increased risk related to nonalbuminuric CKD, threefold risk related to albuminuric non-CKD, and eightfold risk related to albuminuric CKD. In patients with type 2 diabetes, similar findings have been observed for the risk of cardiovascular outcomes (5, 16) and for all-cause mortality (1) . The study population in the latter study was significantly older than ours, and thus, the 10-year survival was also poorer.
The strengths of this study are that the large study population is fairly representative of patients with type 1 diabetes in Finland and that we have a long follow-up of 13 years, and thus, also a significant number of end points were studied. The albuminuria status at baseline was well characterized; however, the eGFR was estimated from a single creatinine measurement. Thus, some of the patients with nonalbuminuric CKD may transiently have had reduced eGFR values and not have had persistent CKD. The age at onset limit of 40 years might allow some patients with other forms of diabetes to be mistakenly included in the study. The FinnDiane patients with an age at onset between 35 and 40 years have, however, been reported to be genetically similar to those with a lower age at onset and clearly different from patients with other forms of diabetes (27) .
Albuminuria has traditionally been seen as the main pathway to diabetic nephropathy and also to precede the onset of decline in renal function (28) . This has been challenged, however, because many patients with albuminuria will spontaneously regress to a normal albumin excretion rate (29,30). The eGFR decline has also been noted to start already in patients without albuminuria (31) . Studies of renal biopsy specimens show, however, that nonalbuminuric CKD is associated with lesser degree of typical diabetic nephropathy lesions compared with albuminuric CKD (13) , suggesting that aging, hypertension, and atherosclerosis may play a role in the pathogenesis of nonalbuminuric CKD. This is supported by the older age and high prevalence of cardiovascular disease observed in our patients with nonalbuminuric CKD.
Whether nonalbuminuric CKD is true diabetic nephropathy or not, our study indicates that it is associated with a more favorable prognosis regarding renal disease progression but nonetheless increases the risk of cardiovascular outcomes and all-cause mortality in these patients. Thus, on the basis of these observational findings, we suggest that cardiovascular prevention strategies should be considered in these patients. mental grant (TYH 2011227). Duality of Interest. P.-H.G. has received speaker honorariums from Boehringer Ingelheim, Cebix, Eli Lilly, Genzyme Oy, Medscape, MSD, Novartis, and Novo Nordisk and is an advisory board member of 
